Introduction
A number of reports have highlighted the need to increase the number of students prepared for careers in STEM fields, indicated by all as an essential factor to maintain U.S. intellectual and economic competitiveness [1] - [4] . Against this backdrop, the Navy, who according to a recent study commissioned by the Office of Naval Research (ONR), is the most dependent on bachelor's-level employees of all the U.S. military branches [5] , expects 50% of their civilian STEM workforce to be eligible for retirement by 2020 [5] . This imminent nationwide shortage of STEM Naval workers is already realized at the local Naval Base at Port Hueneme (Oxnard, CA), which currently has over 100 open STEM positions.
In spite of this surge in demand, recent trends show that the number of students graduating with STEM degrees is not growing accordingly [1] , [6] , [7] . It is undisputed that engaging the participation of underrepresented populations will prove crucial to ensure a highquality future science and engineering workforce [8] . Likewise, engagement of veteran students will also play a critical role. Military veterans are returning to school in very large numbers to enhance their career prospects; in 2012 (more recent data available), more than 900,000 veterans had used the education benefits offered through the Post-9/11 G.I. Bill [9] , and more are expected to do so in the next several years [10] . Importantly, studies show that veterans gain advanced technical skills during their years of service, as well as workplace-relevant skills such as leadership and time management [11] - [14] .
Unfortunately, it is our observation, supported by conversations with veteran coordinators at Community Colleges (CCs) and veteran advocates in our area that these often first-generation students frequently tend to opt for non-STEM degrees and jobs. The reasons behind this choice are multiple, and include a surprising lack of awareness by veterans about how their training and technical capacity might translate into STEM career opportunities [15] , "rusty" mathematics skills, family commitments, concerns about time to degree completion [15] , and lack of awareness about STEM career opportunities [16] .
The Problem-based Initiatives for Powerful Engagement and Learning In Naval Engineering and Science (PIPELINES) aims at bridging this disconnect by offering a workforce learning experience that supports students' awareness and development of career-critical skills, while also highlighting potential civilian career pathways in the Navy. In addition, the PIPELINES program is a unique opportunity for us to investigate the complexities of developing STEM readiness of underrepresented populations through an interactive ethnographic approach. In the program, teams of undergraduate students (2 from community colleges, 1 from a 4-year university) are challenged to solve real-world Navy engineering design problems over a period of eight weeks during the summer. Each team is assigned a UCSB graduate student, from a relevant STEM field, and a Navy engineer that serve as mentors. From Monday through Thursday, student teams work at the Base in Port Hueneme on their separate projects. On Fridays, students come to UCSB to attend career exploration and professional development seminars, as well as a course in engineering innovation, designed to stimulate creative thinking and problem-solving. The program culminates with a Design Challenge Award, where teams pitch their project to a jury of faculty and Base engineers.
Key components that differentiate PIPELINES from similar initiatives and that we believe are key to its impact are: 1) fostering STEM diversity through an interdisciplinary partnership; 2) workforce learning through STEM design experiences; 3) leveraging teamwork for early engagement in engineering design. We discuss each one in the following sections.
Fostering STEM Diversity through an Interdisciplinary Partnership
Funded by ONR, PIPELINES is a collaborative effort between the Center for Science and Engineering Partnerships (CSEP) at the University of California Santa Barbara (UCSB), the Gevirtz Graduate School of Education at UCSB (GGSE), and the Naval Facilities Engineering Command, Navy Engineering and Expeditionary Warfare Center (NAVFAC EXWC) at Port Hueneme, California.
This interdisciplinary partnership that includes outreach professionals, education researchers and naval engineers is a crucial aspect that differentiates PIPELINES. Bringing such a diverse team together required the dedication and commitment of all partners to find a common language to communicate ideas, the belief that each partner brought unique value to the project, and the flexibility to adapt known work habits to a shared vision.
For instance, drawing interns from CCs was a new proposition for EXWC, who typically hires interns from 4-year universities. Having promoted programs targeting CCs students for over 20 years, CSEP outreach professionals championed the idea. California CCs serve a disproportionate number of underrepresented minority students: in 2010 (the most recent data available), CCs enrolled 1.75 million undergraduate students, of whom 45% were underrepresented minorities [14] . Similarly, in 2010-11 (the most recent data available) more than 44,000 veterans used education benefits at a California CC, an increase of about 70% compared to 2008-09 [16, 19] . This data suggests that CCs represent a significant opportunity to expand the pool of new recruits into STEM programs [17] , [18] . Unfortunately, this potential pool of talent is often overlooked, due to a misguided perception of its students as being less capable [17] . This is a case where EXWC leadership and engineers trusted CSEP professionals with the decision.
End of the program evaluation findings show that Navy mentors made frequent mention of how impressed they were with the maturity and enthusiasm of their interns. "In retrospect, having a group like that, if you get it, it's just a joy." EXWC mentors were pleasantly surprised to find their teams composed of older, more mature students with a diverse array of personal, professional and academic experiences. In most cases, the interns exceeded the mentors' expectations, proving to be quick learners and motivated employees. Several suspected that the older age and greater life experience of the interns was a factor in their preparedness for the internship. In particular, mentors were impressed by their veteran interns, who tended to be leaders and/or practical thinkers in their respective groups.
"Usually interns don't have any idea what our mission is, whereas if you have a veteran from Iraq and you're talking about the climate in Djibouti… one of my interns actually lived in the thing that we're building. That kind of real world experience is really valuable."
As another example, PIPELINES's team includes ethnographers, who seek to derive lessons that can inform a range of Navy and civilian practitioners and program developers to increase the number of underrepresented STEM professionals. In contrast to traditional program evaluation, the ethnographic methodology is not a fixed intervention and is based, instead, on an 'abductive logic' that requires the education research team to develop an emic (i.e., insider) perspective [19] . In practice, this means that the ethnographer needs frequent contact with all participants to gain insights into students' perceptions of science and engineering as a way of thinking and being. This interaction yields new lines of inquiry, shaped by observed stakeholder experiences, perspectives, and attitudes, systematically documented via recorded exchanges, discussions, individual and collaborative work products, and field notes. This approach represented a significant paradigm shift for program organizers and participants (both students and Navy mentors). However, at the end of the first year, we are discovering interesting connections between students' uptake of engineering concepts and their forming of an engineering identity, and the content and evolution of their journal writing (details will be discussed in a separate publication).
In short, PIPELINES is an example of how different entities can work together towards achieving their respective goals, all of which are focused on increasing a currently dwindling engineering workforce in the U.S.
Workforce Learning through STEM Design Experiences
PIPELINES Navy design experience emphasizes collaborative, problem-based learning, with a focus on Navy STEM problems. Such activities support and encourage students to develop skills, such as critical thinking and problem solving that are essential for academic and workplace success.
A survey of the literature reveals that engineering students leave their major mainly because the first year of an engineering program tend to be focused on fundamental theory, and students (particularly first generation) do not see the connection to their future career as engineers [15] , [16] , [20] . This effect is likely to be more pronounced for underrepresented and veteran students, who often are the first in their families to pursue a STEM degree. In addition, veteran students, similarly to non-traditional students, often have to balance time and financial commitments coming from already having a family, as well as the lack of a support network that will encourage them to forge ahead in their studies instead of finding a "safe" job (in fact, [21] found that many veterans often opt for traditional job sectors, e.g., security or law enforcement, in their haste to degree completion). What may appear to be an unusual struggle with fundamental courses (e.g., math, physics and chemistry), along with the missing linkage of STEM practice, results in students' losing motivation before they experience core curricula (typically at the junior/senior level) that are more directly connected to the subject of their choice. In contrast, by engaging in hands-on problem solving, undergraduate students experience a shift from passive to active learning [21] - [23] , improve their design and laboratory skills [24] - [27] , ultimately resulting in improved confidence and interest in STEM courses and careers [28] . More precisely, for first-year students, hands-on engineering courses retention rates have been shown to increase by an average of 16%, across a number of similar programs at different institutions [26] , [29] . Some programs report an even higher success rate in the retention of women and underrepresented minorities ( [27] , [29] , [30] ; for instance reference [29] found, respectively, a 27%, 54%, 36% retention gain for women, Latino and African-American students). These gains are attributed to increased design, teamwork and communication skills [26] , but also to the development of a peer support network.
For veterans, who already struggle to adjust to civilian life and manage a host of social and, sometimes, health issues [12] , [13] , [31] , the gained confidence and sense of purpose from this kind of experience has the advantage of helping them better adapt to civilian life and longterm career goals. In addition, such hands-on learning experiences may be particularly beneficial since, according to a recent National Science Foundation-sponsored study, veteran students demonstrate little awareness about the professional value of their technical expertise, capacity, and training [21] .
PIPELINES workforce experience hinges on projects that have been developed to challenge and motivate students by engaging them in authentic engineering design projects that have potential impact on real-world Navy problems. Indeed, the involvement of EXWC adds a crucial dimension to the program: projects submitted by Navy scientists and engineers pass the "relevance" test in the eyes of the students, who often lament the abstract nature of even lab courses offered in school [15] . In addition, students are given ownership of the project in that they are not only expected to implement tasks, but to propose solutions and come up with next steps. This requires careful crafting of the projects, which is done collaboratively by EXWC engineers and CSEP professionals (all with technical background), so that, although challenging, the projects have realistic expectations both in terms of student performance and progress over an eight-week time frame.
Overcoming the challenges faced during the internship and finishing their experience with tangible accomplishments was a big confidence boost for some students. Such sentiments were captured during evaluation interviews and exit surveys. In exit surveys, students expressed their confidence gained from working through an unfamiliar problem and realizing that they were capable of contributing to a solution. Other students described how valuable it was to have the opportunity to come up with their own ideas and test them, rather than just follow instructions. Others talked about how such real-world experiences would complement their coursework and help them gain a better understanding of their own interests and talents as well as the world outside of academia.
"Doing a project that's not necessarily in line with my major or whatever I'm doing in school kind of… I think it kind of gave me a little more confidence…" "I believe my problem-solving skills have improved since beginning PIPELINES."
The summer program also seemed to offer students a positive glimpse into the lives of Navy professionals through interactions with their Navy mentor, and the fact that work is mainly done at the Base. We designed such exposure to the Naval context believing it would be particularly beneficial to veteran and other underrepresented students who often are firstgeneration college-goers and, as such, may not have access to the role models who can offer first-hand academic and career guidance. In exit surveys, students confirmed that they found the exposure to a professional environment to be invaluable preparation for their futures, with 73% of participants reporting that they felt more interested in a civilian career in the Navy than they did at the start of the PIPELINES program.
"This program was my first internship and I was able to leave with positivity about my choice of career!"

Leveraging Teamwork for Early Engagement in Engineering Design
PIPELINES relies on teamwork to engage students in problems that otherwise would likely be too challenging for a single student, given the participants' very junior academic standing and the fact that for most of them PIPELINES represents the first internship experience. The team structure allows students to benefit from teammate skills and/or different background; gain confidence by brainstorming with peers in a non-threatening environment; and ultimately show more independence and ownership over the project.
Again, teams are composed of two CC students and one from a 4-year university. The 4-year university student is hired directly by EXWC, goes through established selection procedures, and is assigned to their project based on major. CC students are hired through the PIPELINES ONR grant, and therefore recruited and selected by CSEP. The CC applicants had no minimum GPA requirement, and interns who satisfied the prerequisite 12 units of science/engineering classes were selected based on both academic accomplishments and other project-relevant skills acquired through jobs, volunteering, or other non-academic experience. Enthusiasm, maturity and communication skills were included in selection criteria and assessed through an interview (in-person or skype). The final selection of participating interns was made by the Navy mentors, who carefully reviewed the application materials and interview notes with guidance from the CSEP review committee. Of the 10 CC interns, 6 were veterans, 2 female, 5 under-represented, 7 first-generation, 7 low-income, and 1 had disabilities.
The evaluation results revealed a consensus among the Navy mentors that the team structure was preferable to hosting single interns; all confirmed that the structure made interns more self-sufficient and productive.
In conversations with the program evaluator, students also acknowledged the value of teamwork: even with instances of compromise, they were still satisfied with what they were able to accomplish as a team. Students expressed that their experiences were stronger due to the presence of teammates to discuss and refine (and perhaps argue) about ideas with, and sometimes they could get more accomplished by delegating tasks and splitting up. One intern expressed the following: "It was nice having a team, though. You work so much by yourself. Sometimes you need that experience, working on a team." Most students agreed that working on a team, as opposed to working individually, helped them develop communication skills, learn to take or delegate responsibility, leverage the different strengths of teammates, and be mindful of different personalities. When asked if their professional development would have benefited more from an independent project, there was unanimous agreement that this was not the case.
Participants from 4-year universities admitted that they had initially felt skeptical about being paired with CC students. However, they had soon discovered that most of the CC students were older, and thus more mature and professional, and often military veterans demonstrated great practical perspectives. Regarding their experience working with veteran teammates, one intern remarked: "I thought it was great… they were both very talented." The experiences in working within team contexts was also explicitly recognized as valuable preparation to real-world work environments, by both mentors and participants. As one intern stated to the program evaluator: "Working with my teammates prepared me to function on and contribute to a multidisciplinary team."
Although participants had in general positive feelings about the teamwork experience, some students acknowledged there being interpersonal difficulties that had to be solved before the team could be fully functional. Tensions arose when older team members, especially veterans, felt that their experience and professional skills were not appreciated or capitalized by their younger teammates. Also, the team structure, where the 4-year undergraduates were assigned the role of team leader by EXWC mentors, created friction in some cases, when/if older students felt that the teammate was not qualified to be the leader. Here is in the words of a participant: "I think something they didn't take into account is that a lot of us are veterans. A lot of us are a lot older, and have a lot of work experience and life experience."
Establishing a formal training session on team communication and conflict management, as well as team building exercises, for both interns and mentors, will be a priority for the second year iteration of the program.
Conclusions
PIPELINES was designed to offer workforce-learning experiences that support undergraduate (both CC and 4-year students) students' development of career-critical skills while promoting engagement with real-world Naval design projects. Program design and implementation required a multi-tiered, interdisciplinary effort, in which each actor (educators, researchers, and Navy scientists and engineers) brings complementary knowledge and skills that, in concert, fostered the development of a successful postsecondary STEM program that provides real-world relevance to the students' experience. This interdisciplinary partnership is an example of how different entities can work together towards achieving their respective goals, all of which are focused on increasing and diversifying the engineering workforce in the U.S.
In this work, we have discussed findings from evaluation of our first iteration of the PIPELINES program and highlighted strategies we have found effective in developing and implementing an innovative program.
